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EXECUTIVE SUMMARY

This report presents a conceptual plan for mitigating anadromous

fish losses for the Ben Franklin Dam alternative and evaluates the

realistic potential of such a plan. Major findings were:

The approach selected to achieve mitigation was to subdivide the

production requirements into four hatcheries with regard to compatible

production cycles and manageable size. A single, large facility was

not considered practical due to the water quantity requirement, con-

flicting production cycles of the fishes involved, and the increased

potential for waterborne disease or environmental problems to elim-

inate an entire year class of fish at a facility supplied with a single

water source.

Capital costs for the total mitigation hatchery plan (four

hatcheries) were estimated at $39.1 million. Annual operation and

maintenance costs (excluding energy) would be approximately $768,500.

The Mid-Columbia Public Utility Districts have developed a plan

to substantially increase production at the Priest Rapids rearing

facility in the future. A portion of the Ben Franklin mitiqation

requiremc:it could theoretically be achieved using the expanded Priest

Rapids facilities. The proposed expansion, however, is dependent upon

the development of a substantial groundwater supply. Availability of

the requisite supply was not determined in this study and the expansion

of tne facility to mitigate losses from the Ben Franklin Dam alterna-

tive was not pursued. There are no other hatchery facilities in the

area which are suitable for incorporation into the program.

Using a two-year production cycle, the mitigation goal for steel-

head could be met at hatcheries supplied with ambient Columbia River

water. Siting would depend only upon the availability of suitable

land.
ii



Groundwater sources were not confirmed in the study area. With-

out a groundwater supply, the full mitigation goal for the salmon spe-

cies could be met only if mechanical heating and cooling were employed
to modify ambient Columbia River water temperatures. With single-pass

water use, annual energy requirements for thermally modifying water to

supply hatcheries producing spring, summer, and fall Chinook and coho
would be approximately 308,000,000,000 BTU.

The necessary data upon which to construct a production model and

base a facility design for sockeye salmon are not available. Until

adequate data are developed, efforts should be directed at augmenting
natural production in Lake Wenatchee on the Wenatchee River and Lake

Osoyoos on the Okanogan River to ameliorate losses from the Ben Franklin

Dam alternative.
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INTRODUCTION

Should the Ben Franklin Dam alternative be constructed on the

Hanford Reach of the Columbia River, Washington, a major habitat modi-

fication with consequent anadromous fish losses will occur. This

report presents a conceptual anadromous fish mitigation plan based on

losses identified in "Aquatic and Riparian Resource Study of the

Hanford Reach, Columbia River, Washington" by Fickeisen et al, 1980.

Construction of conventional fish hatcheries was considered to be

the primary means of achieving mitigation. General policies and con-

straints, upon which siting and design considerations were based, were

developed with regard to previous mitigation efforts by the Corps and

other agencies, a review of relevant literature and the existing data

base. Water quality and quantity requirements, rearing schedules,

capacities, and types and dimensions of facilities, were based on re-

quirements of individual species and criteria established by interested

state and Federal agencies.

The area of consideration for potential mitigation hatchery siting

was limited to the Columbia River drainage from the Snake-Columbia con-

fluence to Priest Rapids Dam (Figure 1). Temperature was considered to

be the most critical parameter affecting hatchery operation, and poten-

tial sites were evaluated primarily on the temperature regime of their

water supply, using currently available water quality information.

This study was preliminary in scope. Facilities were designed with

conventional single-pass water use. Selection of potential hatchery

sites was limited by the lack of groundwater information. Not all

aspects of combined facility usage, integrated programs, or detailed

modifications for individual facilities were addressed. Incorporation

of hatchery technology more appropriate to the region, and more detailed

groundwater investigations could affect the conclusions.

3
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PRODUCTION STRATEGIES

Mitigation requirements and production models (Table 1) were baseu

on potential anadromous fish losses from the Ben Franklin Dam alterna-

tive presented in "Aquatic and Riparian Resource Study of the Hanford

Reach, Columbia River, Washington," by Fickeisen et al, 19S0. Produc-

tion strategies for mitigating individual species losses are as

follows:

1. SteeThead Rainbow Trout (Salmo gairdneri)

Facilities capable of annually producing ?25,000 pounds of

8 fish/lb. steelhead smolts (1.8 million individuals) would be required

to compensate for: (1) loss of natural production in the Hanford Reach

due to loss of habitat (up to 1.6 million smolts), (2) loss of hatchery

production due to inundation of the Ringold rearing facility (160,000

smolts), and (3) losses of smolts produced above Priest Rapids during

downstream passage through the Ben Franklin Dam and impoundment (estim-

ated at 60,000 to 100,000 smolts lost due to migration delays, spill,

and turbine mortalities).

The growth of artificially propagated salmonids may be manip-

ulated (temperature control, feeding rates, etc.) to have fish at a

predetermined optimum size at the onset of smoltification. Releases

of smolts which are larger or smaller than this optimum generally

result in reduced survival and poor adult returns. Since growth rates

are size-related and decrease with age, the amount of rearing schedule

manipulation that can be accomplished depends upon release size and

life history of the particular species. Steelhead, because of their

larger release size (8 per lb. vs. 12.5, 90, and 27.5 for spring and

summer Chinook, fall Chinook, and coho), and differ&nt hatching time

(late spring vs. early winter for salmon species), may be adapted to a

one- or two-year cycle.

5
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Considering the water quantity requirements, the temperature

reqime of surface waters, and the specific requirements of steelhead,

one-year rearing could be accomplished successfully only if an adequate

supply of cool (7.2 to 15.0°C) groundwater were available, or supple-

mental cooling and heating of surface water were provided. Two-year

rearing, using surface water with groundwater supplementation or ther-

mal modification during critical periods, was selected as a production

strategy (Figure 2).

2. Chinook Salmon (Oncorhynchus tshawytscha)

a. Spring and Summer Chinook.

Mitigation requires an annual production of 47,840 pounds

of sumner Chinook smolts and 10,240 pounds of spring Chinook smolts

(598,000 and 128,000 individuals, respectively) to replace the estim-

ated loss to smolts produced above Priest Rapids Dam during downstream

passage through Ben Franklin Dam impoundment. Facilities capable of

collecting the required numbers of adults, successfully holding them,

spawning and incubating eggs, and producing 10-15/lb. smolts during

the 17- to 18-month rearing period would be necessary.

Except for the earlier upstream migration of spring

Chinook adults (April vs. June), the life cycles and rearing require-

ments of spring and summer Chinook are similar (Figure 2). The early

upstream migration of these races and consequent extended adult holding

period imposes difficult problems in maintaining the health of the

spawners. To prevent excessive losses, adult holding ponds should be

supplied with cool (less than 13.30C) water. In view of the temper-

ature regime of surface water in the region, this condition could be

met only if supplemental cooling were provided or facilities were

restricted to areas where groundwater supplies are available.

7
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b. Fall Chinook.

Losses of fall Chinook salmon would include lost produc-

tion of naturally spawning fish in the Hanford Reach due to destruc-

tion of suitable habitat (1.4 million smolts per year). In addition,

the artificial production at Ringold would be lost due to inundation

of the facility, which produces about 1 to 2 million smolts per year.

The production at Priest Rapids would also be lost because of loss of

the spawning stock, representing an additional 1.9-million juveniles

annually. Thus the total loss for fall Chinook salmon is estimated at

4.3 to 5.3 million smolts per year.

Although the fall Chinook mitigation goal represents the

largest individual requirement (5.3 million smolts), their abbreviated

hatchery cycle (egg-to-smolt in 6-8 months) and small release size

makes their production criteria relatively simple when compared to

requirements for other fish. Fish are not held during the time of year

when high temperatures are a problem, and hatcheries could presumably

rely on surface water supplies to a greater extent than those for other

fish. Winter surface-water temperatures in the region are generally

too cold for optimum production, and a water supply system which

balances ambient temperatures with supplemental heating or warmer

groundwater would be necessary.

3. Coho Salmon (Oncorhynchus kisutch)

The hatchery production cycle of coho salmon is similar to

that of spring and summer Chinook (Figure 2) and, except for a shorter

adult holding time, would be subject to the same requirements and con-

straints. The mitigation goal is an annual production of 8,291 pounds

of 25-30/lb. smolts and would require a 16-month rearing cycle. Miti-

gation would be required for the estimated 228,000 smolts lost annually

during downstream passage through the Ben Franklin Dam impoundment.

9



4. Sockeye Salmon (Oncorhynchus nerka)

An estimated 1.6 million sockeye salmon smolts pass through

the Hanford Reach annually. It is expected that up to 240,000 of these

smolts would be lost due to the Ben Franklin Dam alternative. Because

of their requirement for a "nursery" lake in which to grow and their

susceptibility to viral diseases when intensively cultured (Wood, 1974),

sockeye salmon are not especially suited to conventional hatchery pro-

duct iun. Since termination of the sockeye program at Leavenworth

N14tional Fish Hatchery on the upper Columbia in 1967, there have been

nr attempts to raise sockeye in hatchery facilities in the entire

Columbia Basin (Wahle and Smith, 1979). The only sockeye propagation

facility in the State of Washington is located on the Cedar River (a

tribita,'y of Lake Washington) and involves incubation of eggs in boxes

placed in the stream with fry outmigrating into the lake as they emerge

from the gravel (Washington State Department of Fisheries, 1980). There

are no fry-to-smolt survival data available at this time and it is

therefore not possible to construct a sockeye salmon production model

a ,d establish numerical requirements upon which to base a facility

desilo. Until adequate data from the Cedar River project are developed,

ef+orts should be directed at augmenting natural production in Lake

Wenatchee on the Wenatchee River and Lake Osoyoos on the Okanogan River

to ameliorate losses from the Ben Franklin Dam alternative.

A
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WATER QUALITY REQUIREMENTS

A water source for a salmonid hatchery facility must meet specific

temperature criteria, be free from toxic substances and pathogenic

organisms, and conform to basic requirements for dissolved oxygen, pH,

and alkalinity. With the generally good surface-water quality in the

region, temperature is the most critical parameter in determining the

suitability of any particular water source.

Although various authors differ on the specific limits, it is

agreed that each species of fish has a characteristic optimum and tol-

erance range of temperature for rearing, spawning, and egg incubation

(Table 2). Optimum rearing temperatures and ranges at which all

physiological systems are operating efficiently have been defined as:

steelhead rainbow trout, 11.1 0C (7.2-15.0); coho salmon, 13.0 (11.6-

14.4); Chinook salmon (all races) 10.8 0C (7.2-14.4); and sockeye
0

salmon, 12.7 C (11.1-15.0). Temperatures outside these ranges are

tolerated, but any deviation from the optimum causes decreased growth

rates and increased susceptibility to diseases.

Spawning and egg incubation require lower temperatures. Egg

development in Chinook salmon and steelhead spawners is adversely

affected if fish are held at water temperatures exceeding 13.3 0C

(Leitritz and Lewis, 1976). The literature is not as specific on the

upper temperature limits for coho and sockeye spawners. Their prefer-
0 0red spawning temperatures, however (4.4-9.4 C and 10.5-12.2 C, respec-

tively), are in the same general range as those of steelhead and

Chinook (Bell, 1973), and it is assumed that temperatures above 13.30C

would also adversely affect their egg development.

The incubation period for eggs varies with the species (and race)

of fish and water temperature at which eggs are held. Temperatures

between 5.5 and 13.3°C are considered necessary for normal development

(Leitritz and Lewis, 1976).

11
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TABLE 2

SUMMARY OF PREFERRED TEMPERATURES (IN DEGREES C)
FOR VARIOUS LIFE STAGES OF SOME SALMONIDS

(Data selected from Bell, 1973; Brett, et al., 1958;
Leitritz and Lewis, 1976; Olsen and Foster, 1957.)

Rearing Spawning Incubation

Chinook 7.2 - 14.4 5.5 - 13.3 5.5 - 13.3

Coho 11.6 - 14.4 4.4 - 9.4 5.5 - 13.3

Sockeye 11.1 - 15.0 10.5 - 12.2 5.5 - 13.3

Steelhead 7.2 - 15.0 3.9 - 13.3 5.5 - 13.3

12
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DESIGN CRITERIA

Design criteria for fish hatcheries are an important consideration

because they affect the amount of land required and the quantity of

water necessary for operation. As illustrated in Figure 3, water use

in a hatchery can be described as: (1) single-pass - through only one

rearing unit and then discharged; (2) simple recirculation - water

entering or leaving a rearing unit is subjected to a single process so

that a reduced water supply can support the same level of fish popula-

tion; and (3) complex recirculation - water flowing from the rearing

ponds is subjected to two or more processes to further reduce the quan-

tity of water required to support a given fish population. Although

less practical in areas where the supply of suitable water is limited,

hatcheries with single-pass systems have fewer disease problems than

those in which water is re-used.

The State of Washington required that single-pass systems be used

in hatchery facilities built under the Lower Snake River Compensation

Plan (U.S. Army Corps of Engineers, 1980a). It is probable that this

requirement would be applied to mitigate for the Ben Franklin Dam

alternative and, accordingly, designs in this report are based on

single use.

Criteria used in designing facilities and determining water qual-

ity requirements were based on requirements established in the hatchery

production models (Table 1) and the specific cultural requirements of

the various fishes.

An important difference in physical requirements among species of

fish is density. A density index (D) concept developed by Piper (1972)

is based on the fact that each species of fish has an upper limit to

which it may be crowded before growth and survival are adversely

affected. Since hatchery construction costs are directly related to the

13
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size of the facility, the density index concept is an important design

consideration in assuring that optimum use is made of rearing space.

The DI equals the pounds of fish per cubic foot per inch of body length.

Maximum raceway loading rates were calculated using the following DI

values:

Chinook Salmon 0.3

Coho Salmon 0.4

Steelhead 0.4

Steelhead are an anadromous race of the rainbow trout Salmo

gairdneri and the DI used (0.4) was arbitrarily reduced from the 0.5

value recommended for rainbow. Although the calculated maximum load-

ings were somewhat higher than those of other steelhead rearing facil-

ities (U.S. Army Corps of Engineers, 1980b), they were based on the

same formula used to determine loadings for the other species, and were

accepted as the basis for design of the steelhead facilities.

Once the maximum loading for each species had been established, the

flow requirement was determined by applying Piper's (1970) Load Factor

Method:

Wf (1)

I=FxL

where: I = water inflow (gpm); Wf = total weight of fish in ponds

(lbs.); L = length of fish (in.); and F = load factor of 1.34 lbs. of

fish/gpm/in. (at average Hanford Reach elevation of 500 feet and

expected water temperature at maximum loading of 14.4 C).

15



Adult anadromous salmonids are at various stages of sexual matur-

ation when they arrive at a hatchery, and facilities must be provided

sc. that they may be held until they are "ripe" for spawning. Eggs are

usially hatched in verti'al incubators having stacks of trays, each

s4m i ed with re-aerated f'ow from the tray above. Newly hatched fry

( y c rvared in indoor trouqhs until they are large enough to move

mt~ic to raceways. Outdoor raceway rearing is continued until the

tish rC7-.i, the smolt stage. They are then released to begin their

*,c:,war.) riration. In two to five years, depending upon the species,

a ill Percentage of these smolts returns to the hatchery as adults

j r) cn t_ inuc the cycle.

Facilities were designed so that adults would be collected, held,

tnd paw!ed; eggs incubated; fry reared to release size; and smolts

released at each individual hatchery. The following component designs

worte selected as the basis for the mitigation hatcheries:

Adult Holding Ponds:

Type = Rectangular, concrete

Dimensions (ft.) = 100 x 10 x 4.5 - 5.25 (0.75% slope)

Water capacity (3 ft. deep)(cubic ft.) = 3,000

Plow per pond (cfs) = 1.0

Cubic feet per adult 10.0

Incubat ion:

Type = Vertical flow tray units (16 trays per stack)

Egg capacity (per tray) = 10,000

Flow requirement per stack (gallons per minute) = 10.0

16
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Starter Troughs:

Type = Rectangular, concrete

Dimensions (ft.) = 21 x 2.67 x 2

Water capacity (1.67 ft. deep)(cu.ft.) = 93.3

Flow per trough (gpm) = 50

Pounds of fish per gpm = 2.0

Pounds of fish per cubic feet = 1.0

Raceways:

Type = Rectangular, concrete

Dimensions (ft.) = 100 x 10 x 4.5 - 5.25 (0.75% slope)

Water capacity (4 ft. deep)(cu.ft.) = 4,000

Maximum loading (lbs. of fish per raceway):

Spring and summer Chinook 6,900

Fall Chinook 3,600

Coho 7,200

Steelhead 10,800

Flow per raceway (cfs):

Spring and summer Chinook 2.0

Fall Chinook 2.0

Coho 2.6

Steelhead 2.6

Pounds of fish per gpm:

Spring and summer Chinook 7.68

Fall Chinook 4.00

Coho 6.16

Steelhead 9.25

Pounds of fish per cubic foot:

Spring and summer Chinook 1.72

Fall Chinook 0.9

Coho 1.8

Steelhead 2.7

17
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MITIGATION HATCHERY PLAN

There are several approaches to presenting a plan capable of
tifilltinq radromous fish losses attributed to the construction of the

R,-i Franklin Dam alternative. A single large hatchery would require

t, struction and development of fewer supporting facilities (resi-

. , tor ;upply lines, power lines, etc.) and would be more cost

V0.  Aside from the problem of locating a suitable quantity of

major constraint to having a single-source water supply would

't pote ntial for a waterborne disease to eliminate an entire year

: ! i 7 fish.

Another approach to be considered is the expansion of existing

hlicne'ies to partially or entirely fulfill the mitigation requirement.

Thert are several salmonid rearing facilities within the study area

'Fiqure 4) but only one, Priest Rapids, would have the potential to be

expanded to provide a portion of the Ben Franklin Dam alternative miti-

iu tin requirement. Since the low flows, diversions, and poor water

i;l..ltiy in the lower reaches of the Yakima River restrict upstream

r- irti-n of adults, expansion of facilities on the upper Yakima River

iT ', Nelson Bridge Pond, Naches, and Nile Springs) would nnt be a

f.ible alternative. The Ringold facility would be inundated by the

i,'O :-U,?ent created by Ben Franklin Dam.

hcording to a proposed optimum management and development plan

Kczy,'i and Moos, 1979), the production potential at the Priest

-a;,iU' f icility could be expanded to more than three times the mitiga-

ti,,- qoa) required by the Mid-Columbia Public Utility Districts. In

th ry, tnis would mean that the excess production capability (280,000

lbs. of molts) could be made available to provide up to 80 percent of

th- itiiatior requirement for the Ben Franklin Dam alternative. The

,!iccess :)f this plan, however, is entirely dependent upon the develop--

ment of a substantial groundwater supply, and, although excellent

p 0nsih jties exist for the future, utilization of the proposed

18
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2 Elokomin 21A Big White Salmon Pond
- Beaver Creek 2 2 Klickitot
4 Abernathy 2 3 Goldendale
5 Cowlitz Trout 24 Tucannan
6 Cowlitz Salmon 25 Nile Springs
7 Mossyrock 26 Yakimad
8 Swofford Pond 27 Nelson Bridge Pond
e9 Toutle 28 Neches

10 Alder Creek Pond 29 Ringold Trout N
11 Lower Kalaina Ringold Salmon
1 2 Kalamo Falls 30 Priest Rapids
13 Gaoar Pond 31I Columbia Bosin
14 Lew", River 32 Leavenworth
5 Speelyai 32A Enhtio

16 Voiicouver 328 Winthrop o 0ISO
I - Skarnainia 33 Rocky Reach -- cc

IS Washougal 34 Chelan PUD Scl nKilometers

IS Carsoll 35 Wells Trout
20 Little White Salrr..n Hatchery

20A Willard Wells Salmon Pond
36 Washburn Island

Figure 4. Map of locations of Columbia Basin-Washington salmonid
rearing facilities. (From Wahie and Smith, 1979)



prodJiction at Priest Rapids was not considered an acceptable mitiga-

tion alternative for the purposes of the present study.

Considering design and construction costs, land requirement,

water quantity and quality requirements, manageable size, and life

cw:les of the fishes involved, the approach selected for the present

Dl!-- involved subdividing the production of mitigation goals into four

.lhcheries (Figures 5 to 8). Since the steelhead mitigation goal

r-.-,4ui,-ed the greatest quantity of water, and their hatchery production

cy:le and water quality requirements were different from the other

spec;es, hatcheries I and II were designated to provide the steelhead

,itigation requirement. The fall Chinook salmon goal, which also

rt-.rrsented a large water-quantity requirement, was divided between

n.ocheries III and IV. To make efficient use of personnel, equipment,

3nd rearing space, a hatchery should have fish at some stage of develop-

nent on hand at all times. With their abbreviated production cycle

.elc-to-smolt in 6 to 8 months), fall Chinook are not especially suit-

mu, for a hatchery to rear as a single species, so the mitigation

requirements for spring Chinook, summer Chinook, and coho were also

l., between hatcheries III and IV.

Fish hatchery development and construction costs are affected by

Leiral variables. Design is a major item. For a given production

:.'§. hatcheries using single pass are more expensive than those with

~u _~ ise. Development of a suitable water supply is often the

Ingle most costly item. Heating and cooling of water adds substan-

.a Iy to hatchery operational costs. To heat or cool I cfs of water

°,C for i day, requires 9,702,143 BTU. Although energy requirements

were calculated when required, mechanical temperature modification is

not considered practical for the single-pass hatchery designs used in

Srlc ,slan.

Preliminary estimates for the capital costs of mitigation hatch-

eries were based on information presented in Figure 9 (Kramer, Chin

20
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and Mayo, 1976) which relates cost to degree of complexity and rearing

(and holding) volume. Capital cost includes land acquisition, design,

construction, and development of the entire fish facility (water supply,

power supply, adult collection system, adult holding ponds, spawning,

incubation, and nursery facilities, and sewage treatment facilities),

and any auxiliary facilities (residences, access roads, etc.). Opera-

tional costs were estimated from information presented in Figure 10

(Kramer, Chin and Mayo, 1976), which relates cost to annual production

and release size. To update estimates to 1980 levels, Figure 9 costs

were multiplied by a corporate index factor of 1.34 (Water & Power

Resources Service composite construction cost index), and Figure 10

costs were multiplied by the consumer price index factor of 1.45 (U.S.

Department of Commerce - Survey of Current Business).

HATCHERY I. Hatchery I (Figure 5) would have an annual production

to meet 52 percent of the compensation requirement for steelhead

(117,000 lbs.). At maximum capacity, it would require:

Adult holding ponds 3

Incubation trays 188

Starter troughs 6

Raceways 22

The projected cost of this facility would be $8.3 million. Monthly

water requirements at maximum loading are listed in Table 3. Annual

operational costs would be approximately $229,000.

HATCHERY II. The annual production at Hatchery II (Figure 6) would

provide 48 percent (108,000 lbs.) of the compensation requirement for

steelhead. It would require:

Adult holding ponds 3

Incubation trays 173

Starter troughs 6

Raceways 20

21
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The projected cost would be $8.0 million. Monthly water requirements

are listed in Table 4. Operational costs were estimated at $210,000

annually.

HATCHERY III. Hatchery III (Figure 7) would annually produce 50

percent of the fall Chinook requirement (29,445 lbs.), and 100 percent

of the coho and spring Chinook requirements (8,291 and 10,240 lbs.,

respectively). It would require:

Adult holding ponds 8

Incubation trays 381

Starter troughs 13

Raceways 14

The projected cost would be $10.7 million. Monthly water requirements

are listed in Table 5. Annual operational costs were estimated at

$143,500.

HATCHERY IV. Annual production at Hatchery IV (Figure 8) would

prov de 50 percent of the fall Chinook requirement (29,445 lbs.), and

100 percent of the summer Chinook requirement (47,840 lbs.). At maxi-

mum loading it would require:

Adult holding ponds 8

Incubation trays 415

Starter troughs 14

Raceways 19

The projected cost for this facility would be $12.0 million. Monthly

water requirements are listed in Table 6. Operational costs would be

apprnximately $185,600 per year.

22
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TABLE 3

MONTHLY WATER REQUIREMENTS (CFS)
FOR VARIOUS PRODUCTION PHASES OF HATCHERY I AT MAXIMUM LOADING

Adult Holding Incubation Rearing
(<13.3C) (5.5-13.3oC) (Ambient)

January 3.0 44.20

February 3.0 - 44.20

March 3.0 0.26 57.20

April 3.0 0.26 57.20

May - 0.26 57.85

June - 0.26 29.25

July 0.26 37.05

August - 0.26 37.05

Septemoer - - 36.4

October - - 36.4

November 3.0 - 44.2

December 3.0 - 44.2
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TABLE 4

MONTHLY WATER REQUIREMENTS (CFS)
FOR VARIOUS PRODUCTION PHASES OF HATCHERY II AT MAXIMUM LOADING

Adult Holding Incubation Rearing
((13.3 0C) (5.5-13.30C) (Ambient)

January 3.0 36.4

February 3.0 - 36.4

March 3.0 0.24 52.6

April 3.0 0.24 52.6

May - 0.24 52.6

June - 0.24 26.6

Jily - 0.24 31.8

Aqust 0.24 31.8

September - 31.2

October 31.2

November 3.0 - 36.4

December 3.0 - 36.4

28



TABLE 5

MONTHLY WATER REQUIREMENTS (CFS)
FOR VARIOUS PRODUCTION PHASES OF HATCHERY III AT MAXIMUM LOADING

Adult Holding Incubation Rearing
((13.30C) (5.5-13.3oC) (7.2-14.4)

January 0.50 20.50

February - 23.10

March - 29.80

April 0.5 28.80

May 0.5 - 25.80

June 0.5 0.03 20.60

July 0.5 0.03 4.61

August 7.05 0.03 4.61

September 7.05 0.08 6.61

October 6.55 0.53 8.62

November 6.55 0.53 10.0

December 0.75 0.50 10.0
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TABLE 6

MONTHLY WATER REQUIREMENTS (CFS)
FOR VARIOUS PRODUCTION PHASES OF HATCHERY IV AT MAXIMUM LOADING

Adult Holding Incubation Rearing
((13.30C) (5.5-13.30C) (7.2-14.4)

January 0.45 31.5

etordary - 31.2

March 38.0

1 -38.0

38.0

je 2.0 38.0

July 2.0 - 8.0

-Iqst 7.8 0.12 8.0

St-otember 7.8 0.12 14.3

Uctober 7.8 0.57 14.3

November 5.8 0.57 23.5

D->ember - 0.57 23.5
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iigturc 10 Estimated annual operating tosts (in $1,000) related to armiua!
1 ;0: (From Kramer, Chin & Mayo, 1976)
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SITE SELECTION

The mitigation goal is to site the hatchery(ies) near the Hanford

Reach. Accordingly, the area of consideration for potential hatcheries

was limited to the Columbia River drainage from the Columbia-Snake con-

fluence (RM 325) to Priest Rapids Dam (RM 396). The only tributary of

any consequence in this reach is the Yakima River. During the irriga-

tion season, flow in the Yakima's lower segment is made up almost

entirely of irrigation returns, and its extremely warm temperatures,

low flow, and poor quality eliminate it from consideration as a hatch-

ery water supply (Washington State Department of Ecology, 1975). The

Yakima's upper reaches have flows and water quality suitable for hatch-

ery use, but the low flows and poor quality in the lower segment are

detrimental to fish passage and would restrict upstream migration of

adults during late sumner and early fall. The production requirement

for any facility sited above Priest Rapids Dam would have to be in-

creased to offset turbine mortalities.

The Columbia River's Hanford Reach has relatively good water qual-

ity with regard to fish cultural requirements. The major limitation

to its use as a hatchery water supply is temperature. With the excep-

tion of steelhead, which can be adapted to two-year rearing at ambient

temperatures, river temperatures are generally too cold in the winter

and too warm in the summer for optimum production. River water could

be used to supply other salmonid hatcheries during the times of the

year when temperatures are within acceptable rannes. For the remainder

of the year, the river supply's temperatures would have to be moderated

by supplemental cooling and neating, or by mixing with a suitable

groundwater supply.

The principal groundwater-bearing units in the area are the basalts

of the Columbia River group, the conglomerate of the Ringold Formation,

and the glaciofluviate and fluviate deposits. The water table lies
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mainly in the Ringold Formation, and only locally extends into post-

Ringold deposits (Newcomb et al, 1972). Although wells penetrating

the basalt sequence are capable of moderate to high yields, the Ringold

Formation has a much greater water bearing potential and can be devel-

oped more economically. The potential yields from this aquifer are

difficult to assess, however, because of the large degree of variation

in the bedrock topography and the consequent variation in the saturated

thickness of the aquifer.

A study conducted in the vicinity of Priest Rapids Dam to deter-

mine the feasibility of developing groundwater for fish rearing at the

Priest Rapids facility identified a productive aquifer with an esti-

mated flow of 30-50 cfs (Hart-Crowser, 1978). The productivity of

this aquifer is thought to be directly related to recharge from the

reservoir upstream from the dam. Although the potential exists for

withdrawing 30-50 cfs, at present only 6 cfs have been confirmed.

Based on the available data, it is not possible to identify areas in

the Hanford Reach where an ade uate supply of groundwater could be

successfully developed.

The suitability of supplying hatcheries with Columbia River water

is illustrated in Figures 11, 12, and 13. As indicated in Figure 11,

Hatcheries I and II, in which two-year steelhead rearing is proposed,

could use ambient river water. Supplemental cooling would be required

for a small amount of incubation water (maximum of 250 gpm) during

June, July, and August. During the summer, disease outbreaks would be

expected in these hatcheries. Production loadings, however, would be

at little more than half their projected maximum at this time, and

management involving timely prophylactic or therapeutic treatment could

keep losses at a minimum. Hatcheries I and II could theoretically be

sited any place along the river where suitable land is available.

Ambient river water would not be a suitable supply for Hatcheries

III and IV (Figures 12 and 13, respectively). June through September
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water temperatures would be too warm to successfully hold spring and

summer Chinook spawners. Cessation of growth during sub-optimal winter

temperatures would not allow any species to attain proper release sizes

within their production cycle time frames.

With the surface water temperature regime in the Hanford Reach and

the lack of confirmed groundwater sources, mitigation goals for spring,

summer, and fall Chinook and coho could be met only if mechanical heat-

ing and cooling were employed at the hatcheries. Calculations of the

energy costs involved in modifying ambient Columbia River water temper-

atures to supply Hatcheries III and IV (Tables 7 and 8), were based on

monthly water quantity and quality requirements listed in Tables 5 and

6. It should be noted that the annual energy requirements associated

with this approach, 125,000,000,000 BTU for Hatchery III, and

183,000,000,000 BTU for Hatchery IV, were calculated assuming heating

and cooling efficiencies of 100 percent, and, as such, represent low

estimates. Aside from assuring that they are located in areas where

adequate energy could be provided, Hatcheries III and IV could be sited

at any place along the river where suitable land is available.
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RECOMMENDATIONS

In the Hanford Reach, where the lack of a suitable water supply is

a limiting factor, hatcheries based on single water use are not prac-

tical. Discussions should be initiated with the appropriate agencies,

and, test facilities built if necesssary, to allow incorporation of a

hatchery technology more appropriate to the region (e.g. recirculation).

This study was restricted by the lack of regional groundwater in-

formation. With the energy costs required to thermally modify water,

siting a hatchery in the Hanford Reach may not be possible unless a

groundwater supply is located. If mitigation studies are to be contin-

ued, a preliminary groundwater investigation should be undertaken.

The area of consideration for siting new hatcheries or expanding

existing ones should be extended beyond the Hanford Reach area.

Although most of the suitable water sources in the Columbia Basin have

already been appropriated, the majority of existing hatcheries are

using "old" technology. Modification for increased production could

probably accommodate a substantial portion of the mitigation require-

ment for the Ben Franklin Dam alternative.
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GLOSSARY

Because this Report is designed for use by individuals with varying degrees
of exposure to Fisheries Science and its vocabulary, a brief definition of
terms frequently used throughout the text follows:

Adult Holding Pond - Any pond or raceway used to hold and sort salmon
until they are spawned.

Artificial Propagation - The spawning, hatching and rearing of fish
under controlled conditions for future release into "natural" environients.

Carr ing Capacit - Weight of fish reared per unit flow (usually
expressed as pounds/gpm).

Fry - As used in ths study, the stage in a fish's life from hatching
(sac fry) until it reaches approximately one inch in length.

Loading Density - Weight of fish reared per unit volume, usually
expressed in pounds/cf.

Natural Production - Fish that are spawned, hatched, and reared
without human intervention, i.e., in a natural stream environment.

Raceway - A fish propagation unit constructed of concrete or similar
durable, non-porous material that receives a continuous flow of water. A
raceway generally ranges between 5nn and 10,000 cf in volume and has a
linear flow. Raceways may be recessed or constructed above ground level.

Smolt - A fish which has passed through the physiological process of
becorinq ready to migrate to saltwater.

Start Tank - A small fish propagation unit constructed of a
non- porous material which is general ly used to rear fi sh in the fry stage
providing a suitable environment for them to start feeding. Start tanks
are usually less than ?Nll cf in volume, found in or near the hatchery
building, and may he above ground level or slightly recessed.
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